Abstract A new homothallic Phytophthora species, isolated from rhizosphere soil and roots of declining or dead Rubus anglocandicans (European blackberry) in south-west Western Australia, is described as Phytophthora bilorbang sp. nov. It produces non-papillate sporangia, smooth-walled oogonia containing thick-walled oospores, and paragynous antheridia. Although morphologically similar to several species within ITS Clade 6 and sub-clade II, namely P. gibbosa, P. gregata and P. megasperma, phylogenetic analyses of the ITS, cox1, HSP90, BT and NADH gene regions demonstrate that P. bilorbang sp. nov. is a distinct species. Additionally, P. bilorbang differs from these species in its growth and colony morphology on several media. Pathogenicity tests indicate that P. bilorbang could be responsible for the decline syndrome of blackberry within the Warren and Donnelly River catchments in the south-west of Western Australia.
Introduction
Rubus anglocandicans is the most widespread and invasive species in the Rubus fruticosus aggregate (European blackberry) found in Australia (Evans and Weber 2003) and one of the few weeds of national significance widespread in the south-west of Western Australia (WA). It is a major weed of conservation areas (particularly in wetter regions), forestry and agriculture because of its high degree of invasiveness, potential for spread, and economic and environmental impacts. Herbicides and cultural control methods are generally ineffective against blackberry, or require multiple applications and have proved to be expensive and difficult to apply in natural habitats and inaccessible areas invaded by blackberry (Amor et al. 1998; Bruzzese et al. 2000) .
European blackberry in Australia has been targeted by means of biological control since the 1980s. Most of this effort has focused on introducing exotic strains of the host-specific leaf rust, Phragmidium violaceum. New strains of the rust selected for R. anglocandicans and other European blackberries were released in 2004 and 2005 in WA. In some areas the levels of rust developed on blackberry was high, at least initially, but it seems that it does not have enough potential to control the weed, and is possibly limited by climatic factors .
During surveys established to assess the releases of the rust fungus in 2005, dead and diseased blackberry plants were found at two locations along the Warren and Donnelly Rivers in WA (P. Yeoh personal communication). However, the disease could not be attributed to the release of the rust fungus as a biological control agent. Over the next few years, the extent of the disease increased within the Warren and Donnelly river catchments, with noticeable landscape changes due to disappearance of dense blackberry thickets. This has lead to the disease being called "blackberry decline". The disease appears to be due to root pathogen/s and during preliminary sampling several Phytophthora species were isolated (G. Hardy unpubl. data).
In order to investigate the cause(s) of blackberry decline and the potential role of Phytophthora species in the disease, field surveys were carried out over 2010 and 2011 in the decline and non-decline sites along the Warren and Donnelly Rivers. During these surveys, isolates with identical ITS sequence to P. taxon oaksoil were recovered and are described here as Phytophthora bilorbang sp. nov., a new taxon within the ITS Clade 6 of Phytophthora.
Materials and methods

Isolation procedure
Rhizosphere soil and roots were collected from five sites with dying Rubus anglocandicans and three nondecline sites with apparently healthy blackberry in the south-west of Western Australia. Both soil and root samples were baited with R. anglocandicans and Alnus sp., Quercus suber, Q. ilex juvenile leaves, Rosa and Hibbertia petals and Eucalyptus sieberi cotyledons following the modified method of Rea et al. (2010) . After 3-7 days, baits with brownish lesions were blotted dry, and the lesions cut into 1-2 mm sections and plated onto a Phytophthora selective medium including NARPH (Hüberli et al. 2000) and a modified recipe of PARPHN (Jung et al. 2000) from which pentachloronitrobenzene was excluded. Plates were incubated in the dark at 20°C and checked regularly for Phytophthora hyphae. Colonies growing from the plated lesion sections were transferred to V8 agar (0.1 l filtered V8 juice, 0.1 g CaCo 3 and 0.9 l distilled water and pH adjusted to 7) for confirmation of hyphae typical of Phytophthora species. Cultures were maintained under long-term storage in water at the Murdoch University Culture Collection.
DNA isolation, amplification and sequencing
The Phytophthora isolates were grown on half-strength potato dextrose agar PDA (Becton, Dickinson and Company, Sparks, USA, 19.5 g PDA, 7.5 g of agar and 1 l of distilled water) at 20°C for 2 weeks and the mycelium was harvested by scraping from the agar surface with a sterile blade and placed in a 1.5 ml sterile Eppendorf® tube. Harvested mycelium was frozen in liquid nitrogen and ground to a fine powder. Genomic DNA was extracted according to the method of Andjic et al. (2007) . The region spanning the internal transcribed spacer (ITS1-5.8S-ITS2) region of the ribosomal DNA was amplified using the primers DC6 (Cooke et al. 2000) and ITS-4 (White et al. 1990 ). The PCR reaction mixture and PCR conditions were as described previously (Andjic et al. 2007 ). The mitochondrial gene cox1 was amplified with primers FM84 and FM83 (Martin and Tooley 2003) . The PCR reaction mixture was the same as for the ITS region, but the PCR conditions were as described previously (Martin and Tooley 2003) . Heat shock protein 90 (HSP90) was amplified with HSP90-F1 and HSP90-R2 primers (Blair et al. 2008) . The PCR reaction mixture was the same as for the ITS region, but the PCR conditions were as described previously (Blair et al. 2008) . β-tubulin (BT) was amplified with primers TUBU-F2 and TUBU-R1 and NADH dehydrogenase subunit 1 was amplified with NADH-F1 and NADH-R1 primers according to Kroon et al. (2004) .
For all gene regions except HSP templates were sequenced in both directions with primers used in amplification. Additionally, for cox1 templates were also sequenced with primers FM 85 and FM 50 (Martin and Tooley 2003) . For HSP templates were sequenced in both directions with primers HSP90-F1int and HSP90-R1.
The clean-up of products and sequencing were performed as described previously (Sakalidis et al. 2011) . All sequences derived in this study were deposited in GenBank and accession numbers are given in Table 1 . The data set comprised of sequences of P. bilorbang sp. nov. and those of closely related species in ITS Clade 6, sub-clade II, that were either sequenced for this study or obtained from GenBank (http://www.ncbi.nlm.nih.gov/). ITS sequence data were assembled and manually edited as described previously (Jung and Burgess 2009 ). There were no gaps in the cox1, NADH, BT, and HSP90 alignments. Trees were rooted to species from ITS Clade 6, sub-clade I (P. inundata and P. humicola) and sub-clade III (P. taxon asparagi).
Parsimony analysis was performed in PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 2003) and Bayesian analysis with MrBayes v. 3.1 (Ronquist and Heuelsenbeck 2003) as described previously (Jung and Burgess 2009 ). Alignment files and trees can be viewed on TreeBASE (http://www.treebase.org/).
Colony morphology
Colony growth patterns were described from 7-day-old cultures grown at 20°C in the dark on V8A, 2 % maltextract agar MEA, half-strengthen PDA (19.5 g PDA, 7.5 g agar and 1 l distilled water), carrot agar (CA) (0.1 l filtered carrot juice, 17 g agar and 1 l distilled water) and corn-meal agar (CMA) (17 g CMA and 1 l distilled water) (all media and agar were sourced from Becton Dickinson Co. Sparks MD 21152 USA). Colony morphologies were described according to the patterns described previously (Erwin and Ribeiro 1996; Jung et al. 2011) .
Growth rates and cardinal temperature
All isolates were sub-cultured onto V8A plates and incubated at 20°C to initiate growth for 24 h. Three replicate plates for each isolate were then transferred to incubators set at 4, 10, 15, 20, 25, 30, 32.5, 35 and 37 .5°C (± 0.5°C), and radial colony growth was measured after 7 days. Max/min thermometers were placed in all the incubators. Plates showing no growth above 30°C were returned to 20°C to determine isolate viability.
Morphology of sporangia and gametangia
Sporangia, hyphal swellings and gametangia of five isolates of P. bilorbang sp. nov. produced on V8A were measured using the methods described in Jung et al. (1999) . Sporangia were produced by flooding 15×15 mm agar squares taken from growing margins of 7-day-old colonies, so that their surfaces were covered with distilled water in 90 mm Petri dishes which were incubated at room temperature around 22°C in natural daylight. The water was decanted and replaced again after 2 and 8 h. Two ml of diluted non-sterile soil extract was added at 8 h. The soil extract was made from 100 g of pine bark potting mixture suspended in 1 l distilled water, incubated for 24 h at 20°C, filtered through cheesecloth and refiltered through Whatman no. 1 paper. After 15-24 h, dimensions and characteristic features of 50 mature sporangia, 25 exit pores and zoospore cysts per isolate were chosen at random and measured. Likewise, after 3-7 days, 25 hyphal swellings were also measured. All measurements were made at x400 magnification (BX51, Olympus). Isolates grown in the dark on V8A and CA plates at 20°C for 14-28 d were examined and 50 mature oogonia, and oospores together with 35 antheridia per isolate chosen at random were measured at x400 magnification (BX51, Olympus).
Glasshouse pot trial
In order to investigate pathogenicity of P. bilorbang sp. nov., three isolates (SA092, SA142 and CBS 161653) were tested in a soil-infestation pot trial. Rubus anglocandicans daughter plants (less than 1 month old) were collected from sites that have remained disease-free in the Manjimup region and placed into 130 mm free-draining polyurethane pots containing a commercial bark based substrate (Soils Aint Soils, Perth, Western Australia). The plants were grown in an evaporatively-cooled glasshouse (11-25°C) for 5 months prior to use.
Two different types of inocula were made. Firstly, plugs were prepared as described previously (Butcher et al. 1984; Rea et al. 2010 ) except that tree lucerne (Cytisus palmensis) was used for the plugs instead of Pinus radiata. Secondly, vermiculite inoculum (vermiculite 1 l, millet seeds 10 g and 600 ml V8 broth) was produced as described previously (Jung et al. 1996) The vermiculite inoculum was mixed with pasteurized and washed river sand in a ratio of 40 g/l sand and healthy blackberry plants and attached soil were transferred from the 130 mm pots into 170 mm freedraining pots filled with 1 l of the infested sand (control pots received non-inoculated vermiculite). Each pot also received four colonised or non-colonised (control) tree lucerne plugs. There were 11 replicate pots for each isolate and the pots were placed in a randomized design in a glasshouse (12°C min-25°C max). The plants were watered to container capacity daily, and fertiliser (water soluble, Thrive®, Yates Company, Australia) was applied twice in the second and third weeks after inoculation. The pots were flooded in 9-l buckets twice at 2 and 7 weeks after inoculation for 15-17 h. After 4 months, infested soil was baited to recover Phytophthora species, and the plants were rated as asymptomatic, declining and dead. Necrotic roots were plated directly on PARPHN. Symptomatic roots were baited with Q. suber and Q. ilex juvenile leaves, and baits with lesions were plated onto PARPHN as described previously.
Results
Recovery of P. Bilorbang sp. nov.
Fourteen isolates of P. bilorbang sp. nov. were isolated from four decline sites and it was not recovered from non-decline sites. Juvenile leaves of R. anglocandicans, Alnus sp., Quercus suber and Q. ilex, but not petals, were effective at recovering this species.
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Phylogenetic analysis
The aligned datasets for ITS, HSP90, BT, cox1 and NADH consisted of 846, 895, 914, 1192 and 813 characters, respectively. Based on partition homogeneity tests in PAUP, the datasets were congruent (P00.12) and were concatenated, resulting in a combined dataset of 4,646 characters. Additional relevant sequences of the ITS region were available on GenBank and are presented in addition to the concatenated dataset.
There were 103 informative characters in the ITS dataset and significant phylogenetic signal (P<0.01, g10−0.75). Heuristic searches resulted in 39 most parsimonious trees of 191 steps (CI00.67, RI00.86). The trees from the Bayesian analysis had similar topology to those from the parsimony analysis, but generally provided greater support for deeper branches (Fig. 1, TreeBASE 12248 ). Isolates of P. bilorbang sp. nov. reside in a strongly supported terminal clade together with several isolates designated as P. taxon oaksoil in Europe and northern America and an isolate designated as P. taxon riversoil. There is weak support for the clustering of the P. bilorbang sp. nov. isolates to the P. gregata-P. gibbosa species group. The other cluster contains the remaining species within subclade II with the exclusion of P. lacustris and Phytophthora sp 2 (HM004225) which are the basal species.
There were 580 informative characters in the concatenated ITS, HSP90, BT, coxI and NADH dataset and significant phylogenetic signal (P<0.01, g10−0.98). Heuristic searches resulted in a single most parsimonious tree of 1,115 steps (CI00.66, RI00.83). The tree from the Bayesian analysis had similar topology to the ITS dataset (Fig. 1) , but generally provided greater support for deeper branches (Fig. 2, TreeBASE 12248 ). The isolates of P. bilorbang sp. nov. were identical and reside in a strongly supported terminal clade, basal to the majority of described species and designated taxa in ITS Clade 6, sub-clade II with the exclusion of P. taxon salixsoil which is the basal species to the whole sub-clade. P. bilorbang is homothallic. Oogonia globose and averaged 33.5±4.4 μm. Oospores highly plerotic to slightly aplerotic, averaged 31.3±4.1 μm. Oospore wall, thick with a mean of 3.0±08 μm. Antheridia paragynous and globose to cylindrical (12.4±2.9× 14.1±2.9 μm). Sporangia abundant in liquid cultures and also in V8A, persistent, terminal, nonpapillate, limoniform, limoniform with a tapering base, ellipsoid, ovoid and less obpyriform, peanut shaped and club shaped (51.6±6.4×29.0±4.6 μm) with a length/ breadth ratio 1.8±0.3 μm. Conspicuous basal plug common. Sporangiophores simple, sometimes with basal swelling or swelling along the sporangiophore. Sporangial proliferation external and internal observed both in liquid culture and V8A. Hyphal swellings globose to ellipsoid, catenulate or angular with radiating hyphae. Chlamydospore not formed. Colony in V8A stellate to petaloid (carnation shape). Optimum temperature on V8A 25°C, average radial growth rate 4.2±0.1, maximum temperature 32.5°C.
Typus: Western Australia, Pemberton, banks of Warren River, from rhizosphere soil of dying Rubus anglocandicans, 2010, collected by S. Aghighi, holotypus MURU 470; cultures ex-type CBS 131653; ITS, coxI, HSP90, BT and NADH sequence JQ256377, JQ256375, JQ256376, JQ256374 and JQ256378, respectively.
Sporangia, proliferations and hyphal swellings: Sporangia of P. bilorbang were observed on solid agar media including V8A, CA and CMA and were produced abundantly in V8A when flooded with nonsterile soil extract. Sporangia were borne terminally on unbranched sporangiophores, often in chains of internally extended or non-extended proliferating Fig. 3 Morphology of asexual structures of Phytophthora bilorbang on V8 agar flooded with diluted soil extract. a-c. limoniform sporangia with (b) tapering base and (c) conspicuous basal plug: d. an ellipsoid sporangium; e-i. ovoid sporangia with (h) hyphal swelling on sporangiophore or (i) a swollen base; j. an obpyriform sporangium; k-l. peanut shaped sporangia with (k) tapering base; m. elongated club shaped sporangium; n-s. an empty sporangium with (n) a short external proliferation, (o) extended internal proliferation (p) nested internal proliferations (q-r) two extended internal proliferating sporangiophores in just one empty sporangium (s) an external proliferation arising from the internally proliferating sporangiophore; t-u. hyphal swellings (t) elongated and radiate and (u) catenulate and globose; v. sporangium releasing zoospores; w. encysted zoospores; x-z. encysted zoospores germinating through up to three germ tubes. Scale bar050 μm sporangia. They were non-caducous and non-papillate (Fig. 3) , although in all isolates a fragile twist was infrequently observed in the pedicle (Fig. 3e, g ). Sporangial shape was variable ranging from limoniform (41.6 %; Fig. 3a-c) to ellipsoid (27.6 %; Fig. 3d ), ovoid (23.2 %; Fig. 3e-i) , and less frequently was obpyriform (3.6 %; Fig. 3j ), peanut shaped (3.2 %; Fig. 3k-l) and club shaped (0.8 % Fig. 3m ). Features such as a tapering base (Fig. 3b, k) or a conspicuous basal plug were common (Fig. 3c) . Sporangia usually proliferated internally in both a nested and extended way (Fig. 3o-s) . External proliferation was observed as a short extension just behind the primary sporangium (Fig. 3n) . In all isolates, two extended internal proliferating sporangia were sometimes observed (Fig. 3q-r) . Occasionally an externally proliferating Fig. 4 Morphology of Phytophthora bilorbang sexual structures (a-t) on carrot agar and hyphal aggregation (u) of malt extract agar. a. young oogonium; b. three oospores with large ooplast bodies and thin walls; c. an apleorotic oospore and paragynous antheridium with finger like projections; d. a pleorotic oospore and paragynous and spherical antheridium with a short projection; e-g. oospores with two nuclei; h-i. oospores with two ooplast bodies (h-i) and three nuclei (h); j. oospore and antheridium with several projections; k. oospore with a long oogonium stalk; l-m. abnormal shaped oospores; n-o. aborted oospores after fertilisation; p. oospore with twisted oogonium stalk and paragynous antheridium; q-t. paragynous antheridia with short finger-like projections; u. large size aggregation. Scale bar050 μm sporangium was produced from an internal extended proliferation while was still in the primary sporangium (Fig. 3s) . Direct germination of sporangia and germination of zoospores inside sporangia were observed on agar media.
Sporangial dimensions of the five P. bilorbang isolates averaged 50.3±10.6×27.3±5.5 μm with a range of 43.8-59.6×25.0-30.0 μm. The length/breadth ratio of the sporangia averaged 1.87±0.34. Zoospores were discharged through exit pores 10.4-13.4 μm wide (av. 11.6±2.5 μm) (Fig. 3n-s) . They were limoniform, ovoid to reniform whilst motile, becoming spherical (av. diam010.9±1.7 μm) on encystment (Fig. 3w) . Cysts often germinated with up to three hyphae (Fig. 3x-z) . In V8A flooded with non-sterile soil extract, globose, ellipsoid or angular hyphal swellings, frequently catenulate and with radiating hyphae or forming branching points, were regularly formed ( Fig. 3t-u) . Hyphal swellings had a mean diameter of 18.6 ± 4.8 μm. Chlamydospores were not seen. Coiled hyphae were observed on agar media.
Oogonia, oospores, antheridia and aggregations: P. bilorbang is homothallic and all the five isolates readily produced oogonia in single culture on CA and V8A and oospores matured within 3-5 weeks. Oogonial Fig. 5 Colony morphology of (top to bottom) Phytophthora bilorbang SA262, P. gregata, P. gibbosa and P. megasperma after 7 days growth at 20°C on different agar (left to right); V8A, CA, MEA and half strength PDA. P. megasperma was not grown on CA shape was globose with smooth walls (Fig. 4a-k) . Oogonial stalks were sometimes long (Fig. 4i-j) . Oogonial diameters averaged 33.9±6.0 μm with a range of 26.5-37.4 μm. Most oogonia contained oospores with a large ooplast (Fig. 4b-g ) (aborted oospores03.4 %) (Fig. 4n-o) or with two ooplasts (Fig. 4h-i ). Oospores were highly plerotic (Fig. 4b, d and g-h) , slightly aplerotic (Fig. 4e-f) to aplerotic (Fig. 4j-k, t) and averaged 32.2±6.1 μm in diameter with relatively thick oospore walls (average 2.7±0.7 μm; range 2.0-3.0 μm) and a high mean oospore wall index of 0.42 ± 0.07. Abnormal shaped oospores were rarely formed (Fig. 4m) .
Antheridia were one-celled, hyaline and globose to cylindrical, with a range of isolate means of 11. 00-12.43×12.19-14.09 (av. 11.4±2.28×13.0±2.51) . They were paragynous (Fig. 4g ) and up to six finger-like projections were observed ( Fig. 4c-d , h, j, q-t). Generally, there was more than one antheridium attached per oogonium (Fig. 4c, r, t) . Small hyphal aggregations were produced on CMA. Large aggregations were formed on malt extract agar and on selective media (Fig. 4u) .
Colony morphology, growth rates and cardinal temperatures: All five P. bilorbang isolates formed stellate to petaloid (carnation shape) colonies with sparse to limited aerial mycelium on V8A, carrot agar and malt extract agar, and petaloid, dense-felty and dome shape at the centre on half-strengthen PDA (Fig. 5) . Colonies on corn meal agar were sparse and almost invisible.
Among the temperatures tested, P. bilorbang had an optimum and maximum temperature for growth of 25°C and 32.5°C, respectively (Fig. 6 ). All isolates failed to grow at 32.5°C, and did not resume growth when plates incubated for 7 d at 32.5°C were transferred to 20°C. isolates grew slowly at 4°C. The average radial growth rate on V8A at 25°C was 4.17±0.21 mm d −1
. Additional specimens examined: WESTERN AUS-TRALIA, Manjimup, from rhizosphere soil of dying Rubus anglocandicans, 2010, collected by S. Aghighi SA92, SA142, SA143, SA146.
Notes: P. bilorbang most closely resembles other homothallic species in Clade 6; P. gregata, P. gibbosa and P. megasperma, but can be easily distinguished based on a combination of molecular and morphological differences (online resource 1). In a multigene phylogeny of the ITS, HSP90, BT, NADH and coxI gene regions, P. bilorbang differs from P. gregata by 183 steps (3.23 %), P. gibbosa by 178 steps (3.14 %), P. megasperma by 199 steps (3.51 %). All four species have been isolated from soil in Western Australia; P. gregata and P. gibbosa are only known from WA, while P. megasperma and P. bilorbang have been isolated elsewhere. In comparison to these species, P. bilorbang has the ability to produce chains of nested and extended proliferating sporangia, external proliferation, production of secondary lateral sporangia and forming branched sporangiophores in primary sporangia. P. bilorbang produces smooth-walled oogonia, whilst P. gibbosa forms ornamented oogonia. Moreover, P. bilorbang has the ability to form aggregations on agar media but P. gibbosa and P. megasperma do not. Additionally, zoospores of P. bilorbang can germinate with up to three germ tubes. In comparison with P. gregata, P. gibbosa and P. megasperma, P. bilorbang grows very slowly on PDA and moderately Fig. 6 Mean radial growth rates of Phytophthora bilorbang (five isolates) compared to P. gregata, P. gibbosa and P. megasperma on V8 agar at different temperatures. Standard error bars for P. bilorbang were smaller than the symbols slowly on other media (Fig. 5) , and unlike these species it produces stellate colonies on carrot and V8A.
Pathogenicity
The three P. bilorbang isolates differed in their aggressiveness to R. anglocandicans. Those plants inoculated with isolates SA092 and CBS 161653 showed severe wilting and extensive root lesions; whereas plants inoculated with SA142 revealed only moderate symptoms of wilting. Also, 54.5 %, 18.2 % and 45.4 % of plants inoculated with isolates SA092, SA142 and CBS 161653, respectively were dead or with severe symptoms of decline by the end of the trial, while non-inoculated control plants showed no symptoms. P. bilorbang was recovered from plated necrotic lesions on fine roots and also from baited roots of inoculated blackberry plants satisfying Koch's postulates.
Discussion
A new homothallic species from Phytophthora Clade 6 with identical ITS sequence to the undescribed P. taxon oaksoil was described here as P. bilorbang. This new species has been isolated from baited rhizosphere soil and roots of dead and dying European blackberry (R. anglocandicans) and not from healthy plants at four out of five decline sites, in the south-west of Western Australia. Phylogenetic analysis shows P. bilorbang to be a unique species residing in subclade II of ITS Clade 6. P. bilorbang is easily distinguished from related species by a range of morphological criteria. In a soil infestation glasshouse trial, P. bilorbang was reisolated from necrotic diseased roots on selective medium indicating that it is a pathogen of R. anglocandicans.
A single unique Phytophthora isolate was obtained in 1998 from soil under oak trees in Illwald Forest of Alsace, France (Hansen and Delatour 1999) . In 2003, P1055 was informally designated as P. taxon oaksoil by Brasier et al. (2003a) and was reported to be sexually sterile. Isolates with identical sequence to P1055 were more recently identified from stream water in Oregon (Reeser et al. 2011a; . Additionally, there are ITS sequence data on GenBank for several isolates obtained in Poland designated as P. taxon oaksoil. These are not linked to any formal publication and no more information is available for these isolates. In addition to isolates designated as P. taxon oaksoil, the study of Brasier et al. (2003a) also reported a single isolate, P1044 of P. taxon riversoil isolated from a riverbank in Worcestershire, UK which also has identical ITS sequence to P. taxon oaksoil. However, these two species were reported as sexually sterile (Brasier et al. 2003a) , whereas all the isolates recovered in WA were homothallic. On carrot agar P. taxon oaksoil isolates formed flat featureless colonies (Brasier et al. 2003a) , while P. bilorbang produced stellate colonies.
During a re-evaluation of the Phytophthora collection maintained by the Vegetation Health Service of the Department of Environment and Conservation in WA, many new undescribed taxa and unique isolates were identified ) within what is known as ITS Clade 6 (Cooke et al. 2000) . Many of Clade 6 taxa are associated with riparian ecosystems, or with forest soils prone to waterlogging. Those species known to cause disease, such as P. inundata, only do so when sites are flooded (Brasier et al. 2003a, b; Jung et al. 2011) . During the winter rainfall months in the south west of Western Australia both the Warren and Donnelly rivers are subjected to periods of flooding. These flooding events are likely to provide the conductive conditions that favour P. bilorbang and potentially cause the massive decline events being observed for European blackberry in this region. These field observations were supported by the glasshouse trial where flooding led to the mortality of plants.
Phytophthora root rot can be an extremely destructive disease on susceptible cultivars of Rubus spp. such as red, purple and black raspberries, where conditions favour its development. Phytophthora species reported on raspberry include P. cactorum, P. citricola, P. gonapodyides, P. taxon raspberry, P. megasperma, P. cryptogea, P. rubi, P. idaei and P. bisheria (Abad et al. 2008; Brasier et al. 2003a; Duncan and Kennedy 1987; Ellis et al. 1991; Jung et al. 2011; Kennedy and Duncan 1995; Washington 1988; Wilcox et al. 1993; Wilcox and Latorre 2002) . In contrast, many blackberry cultivars appeared to be highly tolerant to Phytophthora. However, a Phytophthora root rot in blackberries in Kentucky has been recorded by Ellis et al. (2004) but further information is unavailable. The association of P. bilorbang with the decline of European blackberry in the south west of WA appears to be the first formally documented Phytophthora disease of blackberries.
The known distribution of P. bilorbang in Western Australia is limited to the Warren and Donnelly river catchments. P. bilorbang was recovered from damp regions along the banks of these rivers. According to the climate statistics for Australian locations, the long term mean monthly maximum temperature in this region is 20.3°C in summer and 9.7°C in winter (Bureau of Meteorology of Australian Government, http://www.bom.gov.au/). These temperatures are within the range favourable for growth of P. bilorbang and if it was considered as a biological control agent it could be active throughout the year.
In conclusion, a novel taxon, P. bilorbang is described. Based on GenBank accession data for ITS gene region, this species has been isolated from other parts of the world, and may have been introduced to the south-west of WA. Further investigations are required to better understand the epidemiology of the disease in the field and other possible factors which are involved in the decline. A host-range study of P. bilorbang is recommended to evaluate the biological control potential of this new species as a part of integrated management strategy of the noxious R. anglocandicans.
